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Abstract 
Dartmouth Humanitarian Engineering’s Hydropower Project seeks to implement small-scale “pico” hydropower in remote 
communities around the world. These smaller systems produce under a single kilowatt (kW) of power, and are capable of 
charging car batteries that can be distributed to community members. These rechargeable batteries are rented out through a 
battery box kiosk station, which is run by a member of the community. Once DHE’s Hydropower group arrives in country, the 
team begins installation, which includes training local technicians to operate and maintain the site and the kiosk. DHE has 
utilized an iterative design process in developing its proprietary Pelton turbine design, aided by the assistance of graduate-level 
work done over 2011. The project has installed and helped maintain three turbines in Rwanda over the past five years. 
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1. Introduction 
     Rural electrification has the ability to improve the standard of living of individuals who inhabit remote regions of 
the world. Currently, costly non-renewable resources such as firewood or coal provide most rural energy. While 
hydroelectric power is often feasible to help bring electricity to an area that cannot be reached by established 
infrastructure, large-scale hydropower can be damaging to the environment and is impractical for many 
communities due to high implementation and installation costs. Dartmouth Humanitarian Engineering works to 
counter this opposition by introducing small-scale hydropower to regions unable to access grid-based electricity. 
     Dartmouth Humanitarian Engineering (DHE) was founded in 2004 in response to the growing need for global 
poverty reduction and student demand for service and engineering opportunities abroad. Today, DHE is an award-
 
 
* Corresponding author. 
E-mail address: Victoria.Tersigni@Dartmouth.edu 
© 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of the Organizing Committee of HumTech2014 
280   Scott Gladstone et al. /  Procedia Engineering  78 ( 2014 )  279 – 286 
winning, impact-driven group of university students who are committed to making a difference through small-scale, 
sustainable solutions. We run a variety of technical projects in developing nations focused on providing fundamental 
needs. These include small-scale hydropower systems, improved cookstoves, and increased access to clean biofuels. 
     In this paper, the history, current status, and projected future of Dartmouth Humanitarian Engineering’s 
Hydropower Project are described. Special focus is paid to DHE’s technology and the metrics and analytical tests 
used to validate the Hydropower team’s technical design choices. The paper also describes the community-driven 
business model used to integrate DHE’s hydropower technology into rural areas, as well as the safety concerns and 
social impact associated with in-country implementation. 
1.1. History 
     DHE’s Hydropower Project began on Dartmouth’s campus in 2007 when students at the Thayer School of 
Engineering developed a system to provide small-scale hydroelectric power using a water-driven turbine and low-
impact river diverting technology. After refining the design to facilitate sustainable, long-term integration into rural 
environments, the team identified the Wildlife Conservation Society (WCS) in Rwanda for support. In 2007, only 1 
in every 100 rural-based Rwandans had access to grid electricity, meaning there could exist strong demand for our 
environmentally-conscious solution. We received support from WCS, the Kigali Institute of Science and 
Technology (KIST), and the local community of Banda, Rwanda to implement our first pico-hydropower system in 
2008. Initially, the purpose of the project was simply to set up a working hydropower site exclusively using locally-
sourced materials. 
     The Hydropower team completed a successful implementation trip in 2008, ultimately installing one turbine 
purchased from a Canadian company and one locally fabricated turbine utilizing cut pipes. We soon realized, 
however, that the locally fabricated turbine was suffering from significant inefficiencies related to its design. In 
2011, a new Hydropower team returned to Banda to carry out upgrades on the site as well as conduct impact 
analysis surveys, making use of the time between to improve our technology and communicate with like-minded 
organizations worldwide to improve our electricity distribution design. The 2011 upgrades consisted largely of 
implementation of a new turbine designed by a Thayer School of Engineering student as part of an upper-level 
engineering course. 
     The following year in Summer 2012, DHE traveled to Rugote, Rwanda to install a third hydropower site. That 
year, our team of engineers collaborated with a student group called e.quinox from the Imperial College London. 
Together, the groups designed and constructed the new site, which is considerably larger and can accommodate up 
to 5.0 kW of power generation. Most importantly, a strong business model was successfully executed, forming a 
powerful union between environmental and social sustainability that followed the process from electricity 
generation at the turbine to the distribution of charged car batteries in the village center. 
1.2. Current Operations 
     In Summer 2013, DHE sent a team of six undergraduate engineers to Banda, Rwanda to ensure the durability of 
our two hydropower sites. The primary focus of this trip was to upgrade the electrical systems at both sites, which 
required a redesign, as well as install a more robust turbine and electrical generation system, called the Powerspout. 
The Powerspout is a Pelton turbine manufactured by EcoInnovation. The Powerspout can produce up to 1.0 kW of 
power and is available in multiple configurations, making it adaptable to various landscapes. The turbine is 
manufactured from 68% recycled parts and boasts no exposed wiring or rotating parts. 
     Beyond the turbine design and physical project site, 2013 marked the first year that a small subset of the project 
team was dedicated to studying both the business plan and the social impact of our work. The data collected in 
Rwanda was then analyzed at DHE headquarters in Hanover, NH by our Impact Analysis team.  
   
2. Technology and Hydropower System Design 
     The general principle behind hydropower is that falling water has potential energy. As the water falls, that 
potential is converted to kinetic energy, which can be captured and stored as electricity. Every site that we install 
281 Scott Gladstone et al. /  Procedia Engineering  78 ( 2014 )  279 – 286 
makes use of some sort of water intake, often involving a small weir. The water then moves through a channel or 
intake pipe to a settling tank, where particles that could damage the turbine settle out of the water. After slowing the 
water’s velocity and cleaning it, it is piped down a long, straight length of PVC piping to the powerhouse, which 
houses the turbine and electrical equipment. 
     The water flow is then concentrated into a jet. The jet is aimed at a turbine, which consists of buckets attached to 
a central axis. As the jet of water hits the turbine’s buckets, rotational mechanical power is generated, and the water 
is returned to the source via a tailrace that leads out of the powerhouse. It is this rotational power that is converted 
into electrical power through a generator. Generators rely on the principle that rotating a magnet within a coil of 
wire, or vice versa, creates a current of electricity. This current can either be transmitted as electricity to its final 
destination, or be stored in a battery. 
     Using this design, DHE’s Hydropower Project has developed its own Pelton turbine assembly that is capable of 
producing 5.0 kW of power. The Pelton design is optimized to handle low flow and high elevation change, which is 
ideal for the mountainous regions that are often difficult to reach by conventional power sources. This design model 
was validated by the metrics and analytical methods described in Section 2.2 below. 
     The Hydropower group continually works to improve the assembly’s electrical generation abilities. In the past, 
DHE has utilized commercial turbine and generator packages in its work. This has led to greater efficiency of our 
systems and has enabled us to focus on other aspects of the hydropower sites. However, we are working towards 
building a unique electrical generation design that will suit our organization's demands. 
     Additionally, one of DHE’s primary objectives is to minimize the effect that we have on the environments in 
which we work. As such, while we look to improve our designs, we also take many measures to avoid erosion and 
minimize impact on aquatic life. For example, our recent implementation included building large retaining walls and 
diverting no more than half of the stream to the powerhouse. 
3. Metrics and Analytical Tests 
     In the design process of DHE’s turbine, a testing setup was constructed on-campus, in Thayer Engineering 
School’s fluids lab. This setup enabled us to test the turbine under conditions that mimic the head and flow that we 
had at the local site in the fall. First, we researched and purchased a 0.75 horsepower centrifugal pump. We then 
assembled appropriate piping and devised a setup that would enable water to circulate easily through the turbine and 
pump system (Fig. 1). 
 
 
Fig. 1. Fluid Lab Setup 
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     Using this setup, we tested the efficiency of different design iterations by making a few simple measurements: 
pressure (measured using a pressure gauge that we installed in our pipe), flow (measured by timing how long it took 
to empty a known volume), shaft angular velocity (measured using a photo tachometer), and shaft torque (measured 
using a Prony brake). Knowing these given values, we were able to calculate the power available before the nozzle 
using the following formula (where Q represents flow in m3/s, ρ represents the density of water in kg/m3, d 
represents the pipe diameter in meters, P represents the pressure measured from the pressure gauge in Pascals, and 
power is in Watts): 
      
ܫ݊݌ݑݐܲ݋ݓ݁ݎ ൌ  ቀ ൅ ଵ଺כ஡כ୕ଶ୮୧ଶୢସ ቁ כ                  (1) 
  
Knowing the shaft torque and angular velocity enabled us to calculate the shaft output power: 
      
ܱݑݐ݌ݑݐܲ݋ݓ݁ݎ ൌ ݐ݋ݎݍݑ݁ כ ܽ݊݃ݑ݈ܽݎݒ݈݁݋ܿ݅ݐݕ                (2) 
      
     Dividing output power by input power enabled us to determine the overall efficiency of the design iteration that 
we were testing. Given that our design team had developed a few possible bucket shapes, we were able to test 
different setups to determine which bucket shape yielded the highest efficiency (Fig. 2). From this analysis, we were 
able to determine the optimal bucket shape, which was a complex, aluminium-cast bucket. 
 
 
Fig. 2. Comparison of efficiencies of different bucket shapes of a turbine, with varying jet diameters. 
3.1 Impact Analysis 
     This past summer, the DHE Hydropower team sent several members to Rwanda who worked to identify and 
analyse the social and environmental impact of the pico-hydro site on the lives of the residents of Banda, Rwanda. 
The primary tool for this analysis was a set of structured surveys prepared prior to in-country implementation. The 
Impact Analysis team identified several areas of interest that could be used as metrics for the efficacy of DHE’s 
work. Among the factors measured were lifestyle impacts, enterprise impacts, public use, charging experience, and 
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fuel use. Survey questions for each of these topics were created with assistance from Dartmouth College professors 
who specialize in statistical bias. 
3.2 Impact Results 
     As of January 2014, hydroelectric power generated by DHE sites in Banda and Rugote, Rwanda provides 
electricity to over 250 homes, four churches, two schools, and nearly 40 businesses in the region. These 
achievements have positively affected the health and environments of DHE’s targeted areas. Additionally, our 
hydroelectric sites power electric lights that allow village children to continue their education after daylight hours, 
battery stations allow for increased cell phone usage, and barbershops and other small businesses that has spurred a 
growth in electricity-driven, local entrepreneurship. The Impact Analysis team is currently conducting a thorough 
econometric analysis of the survey data from Summer 2013 to develop conclusive assessments and propose changes 
to maximize DHE’s future impact.  
3.3 Safety 
     As with any large-scale technical work, safety is of utmost concern. DHE considers both the safety of its team 
members during site implementation and the safety of site managers and other users during normal site operation. In 
order to ensure the team’s safety while traveling abroad, DHE requires travellers who are participating in site 
implementation to complete a form of first aid training (i.e. Wilderness First Aid or American Red Cross First Aid). 
These certifications prepare the DHE team to better handle many of the injuries or illnesses that may be faced on 
site. DHE has also compiled documents summarizing ways to prevent and treat potential hazards such as electric 
shock, burns from battery acid, and injuries from burst pipes or spinning parts. These proactive measures allow DHE 
team members to be aware of potential dangers so that they can either avoid them altogether or be more adequately 
prepared to respond to them. 
     While in country, DHE must also account for the safety of site operators and local battery owners. With the 
assistance of translators, DHE members have held educational sessions that focus on proper battery charging and 
usage techniques. During Summer 2013, the DHE team developed a certification course that taught each site 
operator to properly start up and stop each system, recognize various indicator lights, and measure battery voltages 
and charging currents to ensure safe charging behavior. Carefully evaluating these site operators allowed the DHE 
team to recognize and fix unsafe practices such as overcharging batteries. In addition to teaching safe practices to 
site operators, the DHE team held battery owner courses that disseminated information about battery maintenance 
and safe battery usage. The DHE team then developed and translated documents summarizing safe site operation 
and battery maintenance to leave at each site and in village centers. This practice will hopefully allow for the 
continuation of safe practices beyond DHE involvement. 
4. Discussion 
After reviewing our technology and progress thus far, DHE has considered future steps for the Hydropower 
project in terms of scalability of the technology and the future role of DHE in serving Rwandan communities. 
4.1. Scalability of Technology 
     The scalability of pico-hydro is often limited due to the availability of natural resources and our commitment to 
minimizing environmental impact. Many isolated communities in need have access to a stream with about 30 L/s of 
flow with sufficient vertical drop to generate under 1kW of energy without diverting the majority of the river. 
However, larger-scale projects are unrealistic in these environments due to the lack of sufficient water flow and thus 
insufficient power generation capability. While more communities could potentially be served by transmitting the 
generated power through a micro-grid, the low level of power output and safety concerns associated with AC 
transmission make this prospect less attractive. 
As successful micro-hydro and traditional hydropower systems have shown, hydropower can effectively harness 
the energy of larger bodies of water. The World Bank recently committed $468.60 million USD to a hydropower 
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site projected to output 80 MW and provide power to Burundi, Rwanda, and Tanzania. Such projects are a large step 
forward in the electrification of developing nations, but would not be able to provide electricity to remote 
communities such as Banda (population: approx. 100,000) for years due to infrastructure challenges. DHE seeks to 
serve such communities to develop sustainable sources of power. 
 
4.2 Cost of Hydropower System 
 
     The total cost of a system and installation in Rwanda is estimated to be approximately $4,500, which will be 
reduced as DHE begins to construct its own charge controllers (commercial controllers contribute $600 to the cost 
of an individual system) and optimize turbine casing for inexpensive construction. Installation cost may increase by 
several thousand dollars, however, depending on the cost of labor in the country of interest. Appendix A details the 
total financial costs for one DHE hydropower system. 
 
4.3 Future Work 
     
     During DHE’s trips during Summer 2012 and Summer 2013, it became evident that the government of Rwanda 
has taken large steps to ensure that the entire nation will one day be connected to the national electrical grid. This 
progress has occurred rapidly, and will eventually reach the same regions that DHE has worked in over the past 
several years. 
     This expanding national infrastructure has allowed DHE to pursue projects in other areas of world that are now in 
greater need of small-scale hydropower. Among our options are potential sites in Central or South America; we are 
especially excited about a location in Huancano, Peru where we recently completed a preliminary assessment trip in 
December 2013. Assessment potential and impact measurements from the trip are currently being analysed. We 
hope to continue to leverage our members’ technical and travel experience to improve DHE’s hydropower 
technology while extending our impact around the globe. 
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Appendix A. Estimated Costs of one Hydropower System 
 
 
Part No. 
Qty. 
needed 
Qty. 
pkg. Description Material Dimensions 
Price 
(ea.) 
Price 
(tot.) 
Turbine 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
P001 18 1 
Cast Pelton Turbine 
Bucket AlMag (535) for 250mm PCD $15 $270 
P002 2 1 Runner Hub 
1006-1020 
Sheet Steel 
1/4" x 8" x 8" 
(165mm D) $28.35 $56.7 
P004 1 1 Drive Shaft 1045 Steel 1-1/2" x 36" $83.4 $83.4 
P005 2 1 Shaft Flange 
1013 Carbon 
Steel 3" D x 1/4" length $86.66 $173.32 
P006 1 1 Cast Nozzle AlMag (535) 4" bore, 9" flange $25 $25 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Casing 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
C001 2 
 
 Angle Iron - 43.75" 
 
 2" x 1/8" x 43.75" $19.57 $39.14 
C002 3 
 
 Angle Iron - 12" 
 
 2" x 1/8" x 12" $5.4 $16.2 
C003 2 
 
 Angle Iron - 24" 
 
 2" x 1/8" x 24" $10.8 $21.6 
C004 2 
 
 Angle Iron - 10.5" 
 
 2" x 1/8" x 10.5" $4.7 $9.4 
C005 4 
 
 Angle Iron - 2" 
 
 2" x 1/8" x 2 $0.9 $3.6 
C006 1 
 
 1/16" Sheet Steel 
 
 43.75" x 8.25" $43.92 $43.92 
C007 2 
 
 1/16" Sheet Steel 
 
 24" x 8.5" $21.4 $42.8 
C008 1 
 
 1/16" Sheet Steel 
 
 5" x 6.75" $3.5 $3.5 
C009 1 
 
 1/16" Sheet Steel 
 
 2.125" radius $1.9 $1.9 
C012 1 
 
 1/2" Steel Rod 
 
 1/2" x 6.5" $10.35 $10.35 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hardware 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
H001 42 25 
M8 Steel Cap Screw - 
Class 8.8 
 
 M8 x 70mm $8.25 $16.5 
H002 42 100 
M8 Nylon-Insert Hex 
Locknuts 
 
 M8 $8.64 $8.64 
H003 84 100 M8 Washer 
 
 M8 $7.49 $7.49 
H004 1 50 
Alloy Steel Woodruff 
Key 
 
 
1/4" W x 1" B, Key 
#15, USA std #808 $8.33 $8.33 
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H005 1 4 
Shaft Collar with Set 
Screw 
 
 
1-1/2" Bore, 3/8"-16 
screw size $2.23 $2.23 
H006 1 
 
 Gate Valve 
 
 
 
 $350 $350 
H007 2 1 
Self-Aligning Ball 
Bearing 
 
 1-1/2" shaft diameter $52.81 $105.62 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Electronics 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
E001 1 1 AC Generator 
 
 
 
 $250 $250 
E002 1 1 
Dump load circuit 
components 
 
 
 
 $120 $120 
E003 1 1 Bridge rectifier 
 
 
 
 $26 $26 
E004 3 1 Charge controller 
 
 
 
 $200 $600 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Construction 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
K001 1 
 
 
Construction costs 
(estimated from last 
installation) 
 
 
 
 $2245 $2245 
 
 
 
 
 
 
 
 
 
 
 
 Total: $4540.64 
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